Heteropolygonatum has been considered endemic to China, but molecular analyses and morphological observation of type and living collections necessitate the transfer of several Polygonatum to the former: Heteropolygonatum alternicirrhosum, H. anomalum, H. marmoratum, and H. parcefolium, which expands the range of the genus to neighboring Vietnam where H. marmoratum has been collected. Discussion of their morphology, perigone images, distribution, and full synonymy are given for the species transferred herein. Discussion of the distinctive generic morphology and karyotypes are provided in relation to their generic placement. Furthermore, the expansions of the provincial distributions of H. ginfushanicum and H. roseolum are given based on examination of herbarium material. A synoptic key to the genus is provided.
Introduction
During systematic studies on Heteropolygonatum Tamura & Ogisu in Tamura et al. (1997: 950) (Asparagaceae: Reveal & Chase 2011) and Polygonatum Miller (1754: without pagination) several species of Polygonatum were noted to have perigone morphology composed of imbricate tepals that ally them with the former genus. Preliminary molecular analyses of whole plastids and a limited number of nuclear loci from these species (A. Floden, in preparation) support the reciprocal monophyly of Heteropolygonatum and Polygonatum confirming that they are distinct. As a result this necessitates the inclusion of Polygonatum anomalum Hua (1892: 420) , P. alternicirrhosum Handel-Mazzetti (1936 : 1209 , and P. marmoratum Léveillé (1909: 384) as members of Heteropolygonatum. These same data support the recent transfer of H. altelobatum (Hayata 1915: 229) Chao et al. (2013: 91) . In addition to these species, P. parcefolium Wang & Tang (1949: 216) which is known from its type collection and one additional collection is also transferred to Heteropolygonatum based on examination of the type collection and paratypes. All of these except P. alternicirrhosum have resided under the morphologically dissimilar Himalayan P. punctatum Royle ex Kunth (1850: 142) . Although they have been synonymized in recent floristic treatments , Tang 1978 , Jeffrey (1980) considered many of these distinct and considered them closely related to one another based on morphology which is corroborated by my own morphological comparisons and molecular data. Heteropolygonatum has also been considered to be endemic to China (Wu et al. 2007 , but H. marmoratum has been collected from one site in Vietnam.
Heteropolygonatum is distinguished from Polygonatum by two distinctive features, though other morphological characters were utilized initially. The perigone in Heteropolygonatum is imbricate whereas the perigone in Polygonatum is valvate , Tamura & Ogisu 1997 . Additionally, their base chromosome number is x = 16 and is distinctly bimodal vs. the lower, although variable basic chromosome number and asymmetric karyotype in Polygonatum, x = 9-15 (Deng et al. 2009 , Tamura & Xu 2001 , Yamashita & Tamura 2001 , Tamura et al. 1997a . Pseudoterminal inflorescences were considered diagnostic for the genus but these are also observed in several Polygonatum species (Floden 2014) . Other morphological characters formerly utilized were the ebracteate pedicels and/or peduncles, but all species of Heteropolygonatum thus far observed have distinct bracts that vary from subulate and persistent to caducous, and this shows the same range of variation seen in Polygonatum species. Dimorphic filament insertion was also utilized initially, but this feature was not consistent (Bao et al. 1998) . Other morphological characters are shared among the known Heteropolygonatum species: pseudo-petiolate leaves distinctly arched above the plane of the stem; fasciculate inflorescences or sometimes pedunculate inflorescences; moniliform to torulose rhizomes with thick wiry roots; epiphytic or lithophytic habitat; short tapered staminal filaments; style and ovary subequal in length; orange-red to yellow-orange fruit; and ellipsoid seeds.
The chromosome count reported here for H. marmoratum (2n = 4x = 64) and counts reported in the literature for H. alternicirrhosum (2n = 32; Chen 1989 , Zhao et al. 2014 ) also support the generic transfer of these species.
Material and methods
Somatic chromosome analyses were performed from root tips of one genet each of Heteropolygonatum marmoratum from plants cultivated by the author. These were compared to other Heteropolygonatum (Tamura & Xu 2001 , Yamashita & Tamura 2001 . Excised root tips were fixed in 1:4 ratio 0.2% aqueous colchicine and 0.0001 M 8-hydroxiquinoline solution at 20 C for 4 hours, then fixed in 3:1 GAA:ETOH solution for 5-10 min. Hydrolitic maceration was performed with 1 N HCl at 60 °C for 6 minutes. Material was rinsed and then stained in aceto-orcein for 20 minutes at 60 °C. Multiple root tip squashes from each sample and multiple cells in metaphase from each squash were observed and photographed with a Zeiss Axioskop microscope and images were taken at 1000× using AxioVision Rel. 4.8 (Carl Zeiss MicroImaging GmbH, Germany) .
Morphological comparisons of specimens and living plants (Heteropolygonatum alternicirrhosum, H. anomalum, and H. marmoratum) were made by the author under a stereomicroscope and pertinent features photographed. Digital images of types and specimens (or images) were observed from the following herbaria: BM, CBDI, E, GB, IBSC, K, KUN, MO, P, PE, TAIF (acronyms following Thiers 2014). The holotype of H. marmoratum has not been located though it was stated in Jeffrey (1980) that it was housed at LE. New provincial records are marked with *.
Results
The chromosome count reported here for Heteropolygonatum marmoratum is 2n = 4x = 64 (Fig. 1) . The karyotype has 10 long pairs with subterminal constrictions and the remaining 22 short pairs with subterminal or median constrictions. Morphological observations of cultivated material of these species shows that each of them have a perigone with imbricate tepals, short tapered filaments, an ovary and style that are subequal in length (Fig. 2) , and fasciculate inflorescences. On the basis of these morphological and cytological comparisons Polygonatum alternicirrhosum, P. anomalum, P. marmoratum, and P. parcefolium are transferred to Heteropolygonatum. An enumeration of pertinent diagnostic features is presented below (Table 1) . 
TABLE 1.
A table of the pertinent diagnostic morphological characters of the 10 species of Heteropolygonatum. The "perigone" column indicates the length of the perigone, the shape, and then the color. The "filament" column first provides the position at which the staminal filament is free from the perigone wall, i.e. the non-connate portion, followed by the length of the free portion, and then its surface texture. All measurements are in millimeters. "-" indicates missing data. All Heteropolygonatum are mapped from the specimens examined and their distributions plotted from estimated, or given GPS locations (Fig. 3) . 
Discussion
The transfer these species to Heteropolygonatum increase the genus to ten species. The expansion of the genus increases its distribution southwest outside of China into neighboring Vietnam (Fig. 3) . In addition, the distributions of H. ginfushanicum (Wang & Tang 1978: 249) Tamura et al. (2000: 157) and H. roseolum Tamura & Ogisu (1997: 951) are documented to occur each in two further provinces. Furthermore, these additions show consistent morphology of the imbricate nature of the perigone, orange to orange-red fruit color, the distinctive pseudopetiolate leaf, and epiphytic or lithophytic habitat. These transfers, many of which are currently treated as synonyms of P. punctatum, further reduce that species distribution to the Sino-Himalaya and westward to Nepal (see also Floden 2014) . All of the species of Heteropolygonatum, except for H. marmoratum, have extremely limited total distributions, i.e. five of the species are known from fewer than a dozen collections, but most of these from a single, or a few locations. Also, H. marmoratum, with its broadly scattered disjunct population "islands", its breadth of morphological variation, and potential polyploidy suggests that further cryptic species may exist. Last, that several pairs of highly dissimilar species grow syntopically without obvious hybridization, and that the remaining species occur in scattered disjunct populations suggests that dispersal limitations (likely ornithochory), self-fertility, or polyploidy might be crucial factors in their evolution.
Fruit Color and Seed shape:-While the fruit color of Heteropolygonatum species shows overlaps with some Polygonatum the seeds of the former are distinctly elliptic, rather than ovoid with angular edges or spherical like Polygonatum. Seeds of H. anomalum and three accessions of H. marmoratum are elliptic whereas Polygonatum seeds are usually spherical. Fruit color of Heteropolygonatum seems to be consistently vermillion/scarlet or orange-yellow and has been observed on plants photographed in situ and H. anomalum and H. marmoratum in cultivation. My plants of these two species set fruit without cross pollination which suggests the possibility of partial self-fertility. Fruits of H. marmoratum from Sichuan mature orange-yellow which matches the label data of numerous specimens as well as the protologue of P. marmoratum (Léveillé 1909 ) though this character was not mentioned by Jeffrey (1980) . Conversely, plants of H. marmoratum from western Yunnan have red ripe fruit.
Habitat and epiphytism:-Habitat of all Heteropolygonatum has thus far been documented as epiphytes in midto upper-elevation temperate forests dominated by Abies Mill. or Picea A.Dietr., or as lithophytes where they grow in mossy rocks. Heteropolygonatum anomalum is epiphytic in the mossy forests in Hailuogou Valley on Mt. Gongga where it grows as an epiphyte on the branches of Abies fabri (Mast.) Craib, Sorbus multijuga Koehne, S. rehderiana Koehne, and Rhododendron species at altitudes of 2500-4000 m (Figure 3) . Heteropolygonatum ogisui Tamura & Xu (2001: 92) and H. xui W.K. Bao & M.N.Tamura in Bao et al. (1998: 143) also grow as epiphytes in Abies fabri dominated forests (Tamura & Xu 2001) . Distribution:-China, Sichuan.
Taxonomic treatment
Taxonomic relationships:-Handel-Mazzetti (1936) and Tang (1937) both considered this species as the intermediate between the alternate leaved clade of Polygonatum and the verticillate species, some of which, like this species, have cirrhose leaf apices. This species is similar in appearance and probably closely related to the sympatric Heteropolygonatum pendulum (Liu & Hu 1984: 426) Tamura & Ogisu (1997: 951) , but that species differs in its long falcate leaves, inflorescences held horizontally, and the plants strictly pendent . Chen (1989) reported a chromosome number and karyotype of this species from Luding, Sichuan as 2n = 32. Zhao et al. (2014) reported two additional counts from Kanding which match the previous in number and karyotype. Both studies reported karyotypes that are distinctly bimodal with 5 pairs of longer subterminal chromosomes and the remaining eleven distinctly shorter and metacentric. This species is known from only a few collections all from a limited area along the Dadu River. Distribution:-China, Sichuan, only known from Gongga Shan, 2400-4000 m.
Taxonomic relationships:-Hua (1892) doubted his initial placement of this species in Polygonatum due to the imbricate perigone and the combination of the ovary to style ratio and the short filaments which are not known in the alternate leaved species (see also Hayata, 1911 who doubted his own generic placement of the recently transferred H. altelobatum). Heteropolygonatum anomalum is sympatric with H. pendulum, but H. anomalum is much rarer at the lower elevation where H. pendulum grows (Liu & Hu 1984 , B. Olsen pers. comm., Yang et al. 2012) . These two species are clearly distinguishable based on morphology. Heteropolygonatum anomalum is also geographically proximal and morphologically similar to H. ogisui which grows on Wawu Shan 100 km to the southeast where it is syntopic with the highly dissimilar one or two-leaved and one-flowered H. xui. Heteropolygonatum anomalum differs from H. ogisui by the following characters: a scabrellous stem (vs. smooth); non-glaucous abaxial leaf surfaces (vs. distinctly white-glaucous); perigone length 9-12 mm (vs. 14-15); a cylindric perigone (vs. campanulate); and different intrafloral measurements (Table 1) . It also differs in having a slightly scabrellous stem whereas H. ogisui is reportedly smooth.
Other specimens examined:-CHINA. = Polygonatum longipedunculatum Liang (1987: 64) . Type:-CHINA. Sichuan: Leibo, Xi Ning Xiang, He Tao Ping, 1820 m, 5 July 1959,
Z.T. Guan 7904 (holotype PE!).
= Polygonatum sino-mairei Wang & Tang (1936: 84) ≡ Disporopsis mairei Léveillé (1912: 303) . Type:-CHINA. Yunnan: Pied des rochers a Tong-Tchouan (Dongchuan), 2700 m, June 1910, R.P. Maire 7459 (holotype E!), non Polygonatum mairei Léveillé (1912: 302), non P. mairei Léveillé (1909: 384) , nom. illeg.
Distribution:-China (Guizhou, Sichuan, Yunnan) and Vietnam (Son La). Largely following the uplift and limestone formations of the Yunnan-Guizhou Plateau, 1000-3000 m.
Taxonomic relationships:-Despite not having seen the type collection, the list of synonymic types matches the plants currently cultivated by myself, and Jeffrey (1980) considered all these synonyms, other than P. longipedunculatum, as within the range of variation of a species-concept. Nonetheless, future work may reveal that Heteropolygonatum marmoratum, as treated here, encompasses several discrete taxa. Heteropolygonatum marmoratum is distinct from H. anomalum and H. parcefolium by its fascicled or long pedunculate inflorescences bearing whitish to greenish campanulate flowers, its overall larger plant size, and by cytology. The leaves are usually lustrous adaxially and abaxially, but sometimes they are whitish pruinose abaxially (at least in Guizhou and Yunnan). A broad species concept is taken here until additional material is available for molecular analyses. This species and its relatively broad distribution present a perplexing issue relative to the narrow distributions of most of the other species. It is also the only species to occur outside China where it has been collected once in Vietnam. It should also be expected in Myanmar along its border with Yunnan. Within the large area of distribution there are morphological variations that require additional examination in combination with molecular analyses and cytological studies. The perigone shape of the two forms pictured here (Fig. 2) are distinctly different as is the overall morphology of the plants, i.e. some plants are distinctly glaucous on the abaxial leaf surface whereas others are lustrous-green. The single count reported here is tetraploid (2n = 4x = 64) (Fig. 1) . A second report, of what is probably this species, under the name P. punctatum from Jinfoshan, Chongqing (Chen 1989 ) may belong here that is 2n = 2x = 32 which would support the recognition of more than one species.
Other specimens examined:-CHINA. Guizhou: Leishan, 1993, Alden, B., Alexander, J.C.M., Long, D.G., McBeath, R.J.D., Noltie, H.J., and M.F. Watson, KEG 10 (GB!); Lunan Xian, Changhu, 2 August 1984, Bartholomew, B, Boufford, D.E.; Li, H.W., Ma, C.G; Nicolson, D.H.; Ying, T.S., Yu S.W 1587 (MO!); Kunming, 8 June 1908 , Tsoong 2076 Longwan, 17 August 1972, anon. 51 Sanqing, Xishan, 11 May 1946, S. Liou 16106 (PE!); Kunming, Xishan, 1941, S. Liou 20264 (PE!) . VIETNAM. Son La : Hua Tat village, 7 October 2000, D.K. Harder, N.T.Hiep, N.Q. Hieu, A.L. Thomas, and P. Manos 5819 (MO!) . Distribution:-China, Chongqing, Sichuan, 1300-1800 m.
Taxonomic relationships:- Wang & Tang (1949) based this species on Farges collections from eastern Sichuan. Farges seems to have made two collections of this species; one large gathering in flower in June of 1893 and a smaller gathering (only one specimen seen) at P in fruit. Since Heteropolygonatum fruit in the fall and are deciduous it is highly unlikely that both collections were gathered on the same date. Another collection has Farges handwritten label on it with collection number 1184 and other details of the plant (P00687126!). The specimen that is in fruit, and some of those that are in flower, are annotated by Wang and Tang with the collection number written in the same hand, not the handwriting of Farges. This fruiting specimen is considered to be a paratype, since it was viewed by Wang and Tang, but is not part of the type gathering. Like Heteropolygonatum parcefolium, occasional specimens of H. anomalum and H. ogisui have the lowermost leaf pair borne oppositely on the stem, but unlike the latter two species this species differs in its puberulent stem and in its long pedunculate inflorescences with 2 or more flowers. Despite the limited knowledge of H. parcefolium its morphological dissimilarities and disjunction from H. anomalum and H. ogisui support its recognition as a distinct species.
Other specimens examined:-CHINA. Sichuan: Nanjiang, Hengdian, anon. 2833 ( Taxonomic relationships:-The Hunan Province specimens are in fruit and are tentatively placed here on the basis of morphological similarities and their geographic proximity to H. roseolum. Tsoong 81601 from Shune-yuen, Guangxi was attributed to Heteropolygonatum altelobatum by Jeffrey (1980) who considered it an insufficient specimen with an affinity to that species. Later collections of this plant became the type species of Heteropolygonatum (see . These additional collections reported here from Hunan Province, China expand the provincial distribution northward. Other specimens, despite their less than adequate locality records, confirm a broader distribution in northcentral Guangxi (Fig. 3) . Based on these range expansions it is probable that its range occurs throughout the Nanling Shan at elevations where suitable habitats are supported. 
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